within the NCC. These results indicate that neotectonic activity in modern Cordilleras is 23 controlled in part by inherited upper mantle structures.
INTRODUCTION 25
The Canadian Cordillera in western Canada is a wide, high-elevation, low relief orogenic 26 plateau that initially formed as a passive margin in Late Proterozoic-earliest Cambrian as the 27 result of the rifting of Laurentia, and underwent east-west compression in the Late Devonian 28 (Monger and Price, 2002) . The northern Canadian Cordillera (NCC) is bounded to the west by 29 the Yakutat collision and the Alaskan border, to the east by the Proterozoic basement rocks of 30 the Canadian Shield, and to the north by the Beaufort Sea (Fig. 1A) . Its southern extension is not 31 well defined but corresponds roughly with the southern limit of seismic activity, coinciding 32 approximately with the Yukon-BC border at latitude 60° (Fig. 1A ). This limit also follows the 33 westward extension of the Liard Transfer Zone (LTZ) inherited from the asymmetric rifted 34 margins of Laurentia that separated a lower plate (i.e., former foot wall) margin with seaward-35 dipping blocks to the north from an upper plate (i.e., former hanging wall) margin characterized 36 by steep landward-dipping normal faults to the south (Cecile et al., 1997; Lund, 2008) . The 37 westernmost crustal portion south of the LTZ moved northwestward due to strike-slip motion 38 along the Tintina Fault that produced approximately 450 km of right-lateral displacement 39 (Hayward, 2015) . 40
The NCC currently exhibits a high rate of tectonic deformation, mainly along its western 41 portion around the Denali Fault and Yakutat collision zone, and across a broad zone to the north 42 and east in the Richardson and Mackenzie Mountains, approximately 800 km east of the plate 43 boundary ( Fig. 1A ; Leonard et al., 2008) . The Tintina Fault generates only sparse, low 44 magnitude seismicity and is mostly inactive due to unfavorable contemporary stress conditionsfor strike-slip faulting (Maréchal et al., 2015) . The current leading model to explain the highseismicity and rate of deformation far from the plate boundary proposes a thin and rigid crustal 47 profile Y-Y' is located ~400 km to the northwest of the LTZ. The results are shown in Figure 2 .
Along profile X-X', the azimuth of the seismic fast axes reflects a close alignment with the 115 fabric observed within the North American plate, and a consistent ~30° angle difference with the 116 absolute motion of North America ( Fig. 2A) . Azimuths rotate anti-clockwise toward the western 117 part of the profile (Fig. 1B, 2B) , indicating a rotation of upper mantle fabric across a short 118 distance (~50 km), as outlined previously. More significantly, the delay times decrease from 1 119 sec to almost no splitting within 100 km of the surface trace of the Tintina Fault (Fig. 2B) . The 120 absence of splitting near the fault may suggest that it did not generate measurable large-scale 121 coherent strain in the upper mantle, which we find unlikely. Alternatively, we posit that the 122 decrease in delay times is caused by the erasure of pre-existing North American fossilized fabric 123 by prolonged orthogonal (NW-SE) shearing along the Tintina Fault, which may randomize or 124 reduce fabrics and produce no observable splitting. The role of the Tintina Fault in controlling 125 upper mantle fabric is supported by splitting estimates along profile Y-Y', where the azimuths 126 are well aligned with the strike of the two large crustal faults (Fig. 2C ). More importantly, delay 127 times increase from ~0.5 sec to >1.5 sec over a similar distance of 100 km to both the Denali and 128
Tintina faults (Fig. 2D) . Results from both profiles suggest that up to 0.75-1 sec of accumulated 129 delay time may be due to fossilized fabric within the lithospheric mantle shear zones, with the 130 remainder possibly attributed to coherent, sub-lithospheric mantle flow. Assuming a negligible 131 contribution from crustal fabric, uniform shearing within a 30 to 50 km thick lithospheric mantle 132 with shear wave speed of 4.3 km/s producing 0.75-1 sec of anisotropic delay time amounts to 4-133 11% of shear-zone related anisotropy, similar to values observed along the Alpine Fault in New 134
Zealand (Zietlow et al., 2014) and other large transcurrent faults (Vauchez et al., 2012) .through at least part of the Paleogene to Mid-Neogene, when ~1000 km of dextral strike-slip 137 displacement was distributed across a network of faults, the largest of which (the Denali and 138
Tintina faults) accumulated >400 km of dextral motion (Johnston, 2008; Rasendra et al., 2015) . 139
North of the LTZ, the spatial coincidence of maximum anisotropic delay times with the surface 140 trace of the faults further suggest that the hypothesized lower crustal detachment (Mazzotti and 141 Hyndman, 2002) cannot have produced more than ~20 km of fault-perpendicular displacement 142 of the upper crust relative to a weak lower crust and lithospheric mantle. This implies a 143 maximum rate of horizontal displacement of ~1 mm yr -1 through the Miocene consistent with 144 contemporaneous estimates from GPS data (Maréchal et al., 2015) , but much lower than 145 previous estimates of 5 mm yr -1 (Mazzotti and Hyndman, 2002) . Finally, the bulk of seismic 146 anisotropy beneath the NCC appears to be related to fossil fabric from lithospheric mantle shear 147 zones, which leaves only a small possible contribution from coherent sub-lithospheric mantle 148 flow. 149
INHERITANCE AND NEOTECTONICS 150
The contrast in seismic anisotropy across the LTZ indicates a north-south step change in 151 the properties of the upper mantle in the Cordillera. One possible explanation for the change in 152 anisotropy is the thermally controlled glide in olivine that switches slip system at temperatures 153 <1000°C (Durham and Goetze, 1977 ; see also Dumouchy et al., 2013) . However, this low-154 temperature transition is generally restricted to mylonites that accommodate the emplacement of 155 peridotite slices in the crust (Vauchez et al., 1998) . Furthermore, upper mantle temperatures are 156 on average higher than 1000°C within the Cordilleran lithospheric mantle (Lewis et al., 2003) . 157 of rifting of the Late-Proterozoic Laurentian margin and coincides with a contrast in neotectonic 160 activity in the Cordillera (Fig. 3)  161 South of the LTZ, the preserved passive margin structures of the Cordillera are 162 characteristics of a former hanging wall margin formed by rifting on continent-ward dipping 163 listric normal faults (Fig. 3A,B) . Seismic anisotropy results suggest that the inherited lithospheric 164 mantle of the former Laurentian margin underlies the Cordilleran crust south of the LTZ (Fig.  165   3C ). North of the LTZ, the preserved passive margin structures of the NCC are characteristics of 166 a former foot wall margin with a broad sedimentary basin (Fig. 3A) . In this region, the signature 167 
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U S A C a n a d a Figure 3 7
TELESEISMIC SHEAR-WAVE SPLITTING ANALYSIS 8
Upon entering an anisotropic medium characterized by azimuthal anisotropy, upgoing radially-9 polarized and planar SKS waves will split into two orthogonal components, one of which will 10 travel along the fast axis of seismic propagation (with azimuth φ), whereas the other component 11 will travel along the perpendicular slow axis. Depending on the thickness of the medium and 12 wave speed difference between the fast and slow axis of hexagonal symmetry, a delay time δt 13 will accumulate between the two polarized shear waves. The splitting process is thus completely 14 characterized by the parameters φ and δt (Silver, 1996) . Incidentally, shear waves initially 15 travelling along one of the symmetry axes will not produce any observable splitting. These 16 results are called "null" measurements and can further help to constrain the orientation φ. 17
Anisotropy that varies with depth or described by a different class of symmetry (or hexagonal 18 anisotropy with a dipping axis of symmetry) will give rise to more complicated patterns of 19
splitting. 20
We used 6 stations from the Transportable Array of USArray (TA), 5 stations from the 21 (Table DR1) (Tables DR1 and DR2 ). The number of estimates is low for recently installed stations of 29 the TA network. SplitLab performs the splitting analysis based on two distinct methods. The 30 energy minimization method (also called SC method) (Silver and Chan, 1991) seeks the splitting 31 parameters φ and δt for which the energy of the transverse shear wave component is minimized 32 after inverting the splitting process. In contrast, the rotation-correlation method (also called the 33 RC method) rotates the seismogram of interest into a test coordinate frame and searches for the 34 pair of splitting parameters that gives the maximum cross correlation between the transverse and 35 radial SKS components (Wüstefeld et al., 2008) . 36
Results are first classified into nulls if they satisfy two criteria: 1) SNR of the tangential 37 component of the SKS phase is below 3 dB, or 2) the difference in φ obtained from the SC and 38 RC methods is between 22 and 68 degrees (Wüstefeld and Bokelmann, 2007) . Both nulls and 39 non-nulls are then qualitatively evaluated in terms of "Good", "Fair" and "Poor" results based on 40 the ratio of RC and SC delay times (ρ = δt RC /δt S ) and the difference between RC and SC 41 azimuths (δφ = max[|φ RC -φ SC |, |φ SC -φ RC |]) (Wüstefeld and Bokelmann, 2007) . For Nulls, these 42 correspond to ρ < 0.2, 37° < δφ < 53° for "Good" measurements; ρ < 0.3, 32° < δφ < 58° for 43 uncertainty was estimated from the 95% confidence interval using an F-test (Walsh et al., 2013) . 46
An example result of parameter estimation for a single event recorded at station EPYK is 47 shown in Figure DR1 . Figure DR2 shows the compilation of "good" and "fair", non-null results 48 for station EPYK, sorted by back-azimuth of incoming SKS waves. These results show tightly 49 clustered estimates of both φ and δt, and we interpret these in terms of a single layer with 50 horizontal anisotropy. We note, however, that the event distribution is not uniform in back-51 azimuth, and the single-layer assumption may not hold in reality. We then separately perform a 52 vector average of all "good" and "fair" non-null results (weighting the estimates equally) for both 53 the SC and RC techniques, and obtain final estimates by vector averaging the results of both 54 techniques into a single estimate of φ and δt for each station (Table DR1) , further preventing us 55 from considering more complex (i.e., multi-layered or dipping) anisotropy models. We also 56 ignore covariance and our error estimates are likely lower bounds. Figure DR3A shows all 'fair' 57 and 'good' measurements at each station. 58
Null estimates can also provide qualitative information on the robustness of the splitting 59 parameters. Null measurements occur because: 1) there is no detectable anisotropy beneath the 60 station; or 2) the incoming SKS wave propagates along either the slow or fast axis of anisotropy. 61
We plot the back-azimuth of all "good" null measurements as rose diagrams in Figure DR3B , 62 along with the estimated splitting parameters (reproduced from Figure 1B ). Each set of 63 measurements is binned in 10° back-azimuth and the length of the bars is proportional to the 64 percent number of measurements in each bin. These results show that the dominant back-65 azimuths of "null" measurements are aligned with either the fast axis or perpendicular to it, thus 66 qualitatively confirming that the splitting measurements are robust.
The SplitLab software used in this study was translated from Matlab® to Python and thoroughly 69 tested against published results. The Python software makes extensive use of the ObsPy module 70 developed by Beyreuther et al. (2010) , and is available upon request. 71
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